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@ A laminated LC element comprises a laminate 
including a plurality of bonded Insulating layers, (32- 
„ 3^-2 . a first cond uctor ^40) jn^cIuding^TOndu^^ 
eiements (44Pl, 44-2 ...) which continuously extend" 
around the insulating layers so as to form a coil 
having a predetermined number of turns; and a 
second conductor (50) including second conductive 
elements (54-1, 54-2 .,.) which extend around the 
insulating layers, facing the first conductor via said 
insulating layers, and producing a capacitance with 
the first conductor. The LC element can eliminate 
firmly noises from external sources. 
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LAMINATED LC ELEMENT AND METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This Invention relates to a laminated LC ele- 
ment and particuiarfy to a distributed constant type 
laminated LC element for making up a distributed 
constant circuit for an LC which includes Induc- 
tance conductors and capacitor conductors in a 
laminate having a number of insulating layers. 

2. Description of the Related Art 

Along with the recent development of the elec- 
tronics technology, electronic circuits have been 
widely applied to a variety of fields. It has been 
strongly demanded that those electronic circuits 
function stably and properly without being affected 
by extemaf noises. 

In addition, various sophisticated electronic de- 
vices have been widely used at present, and the 
demand for strict noise reduction has increased 
accordingly. So as to satisfy such demand, it has 
been desired to develop noise filters which can 
eliminate the noises suffidentiy, and are compact 
and has a high quality. 

As shown in RG. 21 of the accompanying 
drawings.a conventional LC noise filter comprises a 
pair of windings 12, 14 wound around a core 10, 
and capacitors 16, 18 connected In parallel to both 
ends of the windings 12, 14. 

The core 10 and windings 12, 14 composing 
an inductor are bullcy, and the inductor and capaci- 
tor 16, 18 are separate nnemi9ers. Therefore the 
filter becomes large and cannot satisfy the demand 
for compact size and light weight. 

Various proposals have been made to cope 
with the above-mentioned problems as disclosed in 
Japanese Patent Laid-Open Publications 
50507/1981. 144524/1981. 142622/1981. and 
76313/1988. 

For example. Japanese Patent Laid-Open Pub- 
lication No. 50507/1981 discloses compound elec- 
tronic parts, in which a laminate is composed by 
disposing a plurality of insulating layers 20a, 20b. 
20c, ... as shown in FIGS. 22(a) to 22(f). In addition, 
conductor patterns 22a. 22b. 22c are disposed 
around the insulating layers 20a. 20b. ... so as to 
compose a coil having tiie predetermined number 
of turns. 

Conductive layers 24a, 24b are disposed be- 
tween the insulating layers 20a, 20b, 20c, ... apart 
from the conductor patterns 22a, 22b, thereby pro- 
viding a capacitance C between the conductive 
layers 24a, 24b and the conductor patterns 22a, 
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22b. Thus a concentratedconstant type noise filter 
having L and C is obtained as shown in FIG. 23. 

The LC noise filter of the conventional example 
is compact in size and light weight since L and C 

5 are built in the layers. However this filter has some 
Inconveniences In the following: (1) the conductive 
layers 24a. 24b providing a capacitance are simply 
disposed adjacent to the straight portion of the 
conductor patterns 22a, 22c serving as a coll. 

10 Therefore the capacitance C between the coll and 
the conductive layers 24 is too smail to offer a 
good attenuation. In addition, since tiie LC fifter of 
RG. 23 is of the coricentrated constant type, it 
cannot sufficientiy remove various noises, particu- 

76 larly common mode noises such as switching 
surge, and normal mode noises such as ripples. (2) 
Further, the LC filter can be used as a 3-tenninaI 
type normal mode filter but not as a 4-terminal 
type common mode filter. 

20 

SUMMARY OF THE INVENTION 

It is therefore an object of this Invention to 
provide a compact laminated LC element which 

25 can eliminate noises suffidentiy. 

A further object of this invention is to provide a 
laminated LC element which is applicable not only 
as a normal mode noise filter but also as a com- 
mon mode noise filter. 

30 According to the Invention, a laminated LC 

element comprises: a laminate including a plurality 
of bonded insulating layers; a first conductor in- 
cluding conductive elements which continuously 
extend around said insulating layers so as to form 

35 a coil having the predetermined number of turns: 
and a second conductor including second conduc- 
tive elements which extend around said insulating 
layers, the second conductor facing said first con- 
ductor via said insulating layers to provide a ca- 

40 pacitance with said first conductor. 

Functions of the LC element of this invention 
will be described hereinafter. 

The eliminated LC element compdses a lami- 
nate made of plurality of bonded insulating layers. 

45 A first conductor comprises a first conductive 

element which extends around one insulating layer 
to another insulating layer, and serves as a coil 
having tiie predetenmined inductance. 

A second conductor is comprises a second 

50 conductive element which extends around one in- 
sulating layer to another insulating layer. 

The LC element features that the first conduc- 
tive element faces the second conductive element 
via tiie insulating layer disposed between them, so 
that a capacitance be provided between the first 

2 
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and second conductive elements. 

in this case, it is assumed that the second 
conductor produces a distributed constant type ca- 
pacitance in the space with the first conductor. 
Therefore, the laminated LC element of the inven- 
tion functions as a distributed constant type LC 
filter, can assure more excellent attenuation in a 
relatively wide band than conventional concentrated 
constant type LC filters, and can eliminate various 
noises without causing any ringing. To be more 
specific, with the laminated LC element, the L 
element and C element function effectively in the 
distributed constant circuit so as to eliminate var- 
ious noises. 

In addition, the LC element includes a ground- 
ing terminal connected to the second conductor, 
and input/output terminals at both ends of the first 
conductor, thereby functioning as a normal mode 
type LC noise filter. 

The LC element also has input/output tenminals 
at both ends of the first and second conductors so 
as to serve as a common mode type LC noise filter 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a laminated type 

LC element, in disassembled form, according to 

a first embodiment of the invention; 

FIG. 2 is a front and top-right perspective view 

of the assembled LC element of FIG. 1; 

FIGS. 3(a) and 3(b) are diagrams of equivalent 

circuits; 

FIG. 4 shows a vertical arrangement of respec- 
tive conductive elements; 
RG. 5 shows tiiat conductive elements are dis- 
posed on roughened surfaces of a substrate so 
as to increase the effective area of the elements; 
FIG. 6 is a perspective view of a modified LC 
element, in disassembled fomn; 
RG. 7 shows a modified an'angement of termi- 
nals of an SMD type laminated LC element; 
FIG. 8 shows a further modified arrangement of 
terminals of another SMD type laminated LC 
element; 

FIGS. 9(a) to 9(d) show examples of laminated 

LC terminals formed as discrete types; 

FIG. 10 is a perspective view, in disassembled 

form, of a further LC element including one kind 

of conductive elements coated on an insulating 

plate; 

FIG. 11 Is a perspective view, in disassembled 
form, of a still further LC element including two 
kinds of conductive elements coated on the 
same surface of an insulating plate; 
FIG. 12 is a perspective view of the laminated 
LC element of FIG. 11 in assembled form; 
FIG. 13 shows an LC element comprising a 
plurality of insulating plates having coated con- 
ductiveelement pattems; 



RG. 14 shows another LC element comprising a 
plurality of insulating plates having coated con- 
ductive element patterns; 
FIG. 15 shown a further LC element including a 

5 plurality of insulating plates having coated con- 
ductive element patterns; 
FIGS. 16(a) to 16(m) show a process, according 
to a second embodiment, for producing a lami- 
nated LC element by using conductive elements 

10 and insulating films which are formed on a sub- 
strate by means of a thin film manufactijring 
technique; 

FIGS. 17(a) to 17(m) show a process for produc- 
ing another laminated LC element which is simi- 

75 lar to tiiat shown in RGS. 16(a) to 16(m); 

FIGS. 18(a) to 18(q) show an example of the 
process, according to a third embodiment, for 
producing a laminated LC element by using the 
first to third conductors; 

20 FIG. 19 is a diagram showing an equivalent 
circuit of tiie LC element of FIGS. 18(a) to 18(q); 
FIGS. 20(a) to 20(q) show an example of the 
process for producing an LC element in which 
coif diameters of the first and second conduc- 

26 tors vary; 

FIG. 21 shows an example of a conventional LC 
noise filter, 

RGS. 22(a) to 22(f) show an example of the 
process for producing the conventional laml- 
30 nated LC element; 

FIG. 23 is a diagram showing an equivalent 
circuit composed of the LC element of FIGS. 22- 
(a) to 22(f); and 

FIGS. 24(a) and 24(b) are diagrams showing 
35 quivalent circuits for a fourth embodiment of the 
Invention. 
DETAILED DESCRIPTION 

Preferred emtiodlments of the invention will be 
40 described with reference to the accompanying 
drawings. 

Rrst embodiment: 

45 FIGS. 1 to 3 show a first preferred embodiment 

of the invention. In this embodiment, an LC ele- 
ment comprises a laminate 30 including a plurality 
of bonded insulating plates 32-1, 32-2, ... 32-4, a 
first conductor 40 disposed in spaces 36-2, 36^, 

50 38-4 between the bonded insulating plates 32 and 
serving as a coil having the predetermined turns, 
and a second conductor 50 disposed In spaces 36- 
1, 36-2. 36-3 between the insulating plates 32. The 
second conductor 50 faces tiie first conductor 40 

55 via the insulating plates 32. 

The insulating plates may comprise any in- 
sulating materials according to tiie needs. Ceram- 
ics, plastics and various synthetic resins are con- 
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ceivable as the insulating materials, for example. In 
this embodiment the insulating plates are ceram- 
ics. 

With the laminate 30 of this embodiment the 
respective insulating plates 30 are bonded with 
insulating sheets 34-1. 34-2 and 34-3 interposed so 
as to prevent short-circuiting of tiie first and second 
conductors 40 and 50. respectively. 

On the surface of the uppermost insulating 
plate 32-1 are disposed terminals 42a. 42b for the 
first conductor 40, and the surface of the lowermost 
insulating plate 34-3 are disposed terminals 52a, 
52b for the second conductor 50. 

The first conductor 40 comprises a plurality of 
first conductive elements 44-1. 44-2, 44-3 which 
are disposed in spaces 36-1, 36-2. 36-4 be- 
tween the insulating plates 32. while the second 
conductor 50 comprises a plurality of second con- 
ductive elements 54-1, 54-2, 54-3 which are dis- 
posed similarly to tiie first conductive elements. 

It is a feature of this embodiment that the first 
and second conductive elements 44 and 54 face 
one another via the insulating plates 32 and pro- 
duce a capacitance substantially continuously. 

Therefore both the first and second conductors 
40. 50 function as coils having tiie specified num- 
ber of turns, and substantially continuously produce 
the capacitance C between tiiem through the In- 
sulating plates 32. The capacitance C is assumed 
to be produced as the distributed constant between 
the first and the second conductors 40, 50. 

The first and second conductive elements 44 
and 54 are produced by such a process as print- 
ing, evaporating or plating so that these elements 
44, 54 face botii sides of the insulating plates 32. 
In addition, connecting conductive patterns 46, 56 
are prepared on botii surfaces of the insulating 
plates 32. 

The terminal 52a on the insulating plate 32-1 is 
connected to the second conductive element 54-1 
via a through hole 33. Similarly the terminal 52b on 
the lowermost insulating plate 34-3 Is connected to 
the second conductive element 54-3 via through 
holes 35. 33 on an insulating sheet 34-4 and an 
insulating plate 34-4. 

The Input terminal 42-b on the insulating plate 
32-1 is connected to an end of the first conductive 
element 44-1 on the rear side of the insulating 
plate 32-2 via tiie through holes 33 on the insulat- 
ing plates 32-1, 32-2 and the conductive pattern 
46. The Input/output terminal 42a on the lowermost 
Insulating sheet 34-3 is connected to the first con- 
ductive element 44-3 on the insulating plate 32-4 
via the through hole 35. 

The first and second conductive elements 44, 
54 disposed on the insulating plates 32-2, 32-3, 32- 
4 are electrically connected in the spaces 36 be- 
tween the insulating plates 32 via the through holes 
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33. the conductive patterns 46. 56, and the through 
holes 35 on the insulating sheets 34. 

Both ends of the first conductor 40 are con- 
nected to the terminals 42a, 42b so as to serve as 

5 a coil having the specified inductance Li . Similarly 
the second conductor 50 has its both ends con- 
nected to the terminals 52a, 52b. thereby function- 
ing as a coil having the specified inductance L2. 
In addition, it Is assumed that the capacttence 

10 C is produced as tiie distributed constant between 
the first and second conductors 40. 50. 

The laminated LC element according to this 
invention can show excellent features which are not 
offered by conventional concentrated constant type 

7S LC elements. When it is used as an LC noise filter, 
the LC element can offer a good attenuation for a 
wide band. 

According to the invention, the first and second 
conductors 40, 50 face each other via the insulating 

20 plates 32, so that a sufficientiy large capacitance 
can be obtained compared with conventional lami- 
nated type LC elements. From this. It will be appar- 
ent that the LC element Is applicable to an LC 
noise filter with tiie excellent attenuation. 

25 The conductive elements 44, 54 are vertically 

arranged as shown in FIG. 4. For example, the 
conductive element 44-1 not only faces the second 
conductive element 54-1 via tiie insulating plate 32- 
2 so as to produce the capacitance but also faces 

30 the second conductive element 54-3 via the insulat- 

K****** w^wwMfijj wtiwwioiwto \\j piwuu^o ail" 

Other capacitance. In other words, the conductive 
elements 44 produce the capacitances with the 
second conductive elements 54 disposed at the 

35 upper and lower sides. The laminated LC element 
can produce sufficientiy large capacitances in a 
limited spaces between the first and second con- 
ductors. It will be clear tfiat tiie LC element has 
very excellent characteristics. 

It is preferable to roughen the surface of tiie 
insulating plates 32 by etching, for example, so as 
to Increase tiie capacitance C of the LC element, 
as illustrated in FIG. 5. When they are disposed on 
the insulating plates 32 having the roughened sur- 

45 face, the conductive elements 44 and 54 face each 
otfier in a wide area Thus the LC element having 
the same size can produce a further increased 
capacitance C. 

According to tiie invention, the LC element can 

60 produce the capacitance C In the distributed con- 
stant form. In addition, the capacitance can t>e 
Increased without enlarging the element itself, If 
necessary. These features distinguish the LC ele- 
ment of this Invention from the conventional laml- 

55 nated LC elements. 

When the LC element of this Invention Is ap- 
plied to a noise filter, ft can attenuate noises In a 
wide band, and can eliminate the noises more 

4 
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efficiently than conventional concentrated constant 
type LC elements. 

The laminated LC element of this Invention is 
applicable to both a nonna! mode LC noise filter 
and a common mode LC noise filter. 5 

As shown in R3. 3(a), the laminated LC ele- 
ment can be used as a normal mode LC noise filter 
having the distributed constant type L and C. when 
either of the terminals 52a, 52b is grounded. 

As illustrated in FIG. 3(b). the laminated LC io 
element can be used as a 4-termlnal common, 
mode LC noise filter having the capacitance pro- 
duced between the conductors as the distributed 
constant, when the terminals 52a, 52b connected to 
the ends of the second conductor 50 are not is 
grounded. 

FIG. 2 shows an example in which the lami- 
nated LC element is used as a 3-terminaI normal 
mode noise filter. 

In this case, the laminate 30 comprises the 20 
insulating plates 32 and the insulating sheets 34 
which are bonded together. The input temfilnals 42a 
and 42b on the front and rear surfaces of the 
laminate 30 are connected and are coated with a 
conductive material, so that these input terminals 25 
function as one terminal. The terminals 52a and 
52b are similarly coated with the conductive ma- 
terial. (In the foregoing embodiment one of termi- 
nals of the second conductor 50 is grounded while 
the other terminal 52b and the end of the second 30 
conductor 50 are insulated. Therefore, at least one 
of the through holes 33. 35 of the insulating plate 
32-4 and the Insulating sheet 34-3 is provided.) 

The LC element functions as a 3-terminal noise 

filter which comprises the laminate 30 having on its 35 
surface two input/output temninals 42a and 42b, 
and one grounding terminal 52. In addition, since 
the noise filter is an SMD type (surface mount 
device), it is very easy to handle. 

With the foregoing embodiment, the respective 40 
circuits are connected via the through holes 33 and 
35. for exampie. However this invention is not limit- 
ed to the above arrangement, but the circuits can 
be connected via conductive caps 33a and 35a 
shown in RG. 6 in place of the through holes 33 43 
and 35. Furtherconductive patterns prepared by 
conductive plating or printing, or applying conduc- 
tive patterns may also be used for this purpose. In 
addition, the through holes 33, 35, conductive caps 
33a, 35a, and conductive patterns made by the so 
plating can be combined as desired. 

When the conductive caps 33a, 35a are em- 
ployed, it is preferable that the insulating plates 32 
and tiie insulating sheets 34 be coated with con- 
ductive patterns 46, 56 at the positions for dis- ss 
posing the conductive caps, so that a contact resis- 
tance can be reduced. 

In the foregoing embodiment, the terminals 



42a, 42b and 52 are disposed so as to coat the 
whole surface of the laminate 30 as illustrated in 
FIG. 2. The terminal pattern can be formed as 
desired. For example, tfie terminals 42a, 42b and 
52 may be disposed so as to coat one side of the 
laminate 30 as shown in FIG. 7. In addition, the 
terminals 42a. 42b may be coated on one side 
while the grounding terminal 52 may be coated on 
the other side of the laminate 30. as shown in FIG. 
8. 

Although it is exemplified as tiie SMD type 
element in the foregoing description, the laminated 
LC element may be formed as a discrete type 
element in which the terminals 42a, 42b and 52 are 
formed as pin-shapedterminals as illustrated in 
FIGS. 9. FIGS. 9(a) to 9(d) show the procedure to 
dispose the pin-shaped terminals 42a, 42b and 52. 

In the foregoing embodiment, since the first 
and second conductive elements 44 and 54 are 
disposed to coat both sides of the insulating plates 
32, it is necessary to dispose the insulating sheets 
34 in tiie spaces 36-2, 36-3, ... between the insulat- 
ing plates 32. However when the first and second 
conductive elements are disposed on a side of the 
insulating plates 32. the laminate 30 can be made 
without using the insulating sheets 34. 

For example, tiie tirst conductive elements 44" 
1, 44*2. 44-3 are coated on the insulating plates 
32-2, 32-4. 32-6 as Shown in FIG. 10. and the 
second conductive elements 54-1 , 54-2 are coated 
on the insulating plates 32-3, 32-5. By these ar- 
rangements, the conductive elements 44 and 54 
are completely insulated from one another via the 
insulating plates 32, so that the laminate 30 can be . 
composed without insulating sheets. 

Especially in this case, the conductive patterns 
of the first conductive elements 44 can be formed 
identically, and those of the second conductive 
elements 54-1 , 54-2 can be made the same. There- 
fore, when a plurality of tiie insulating plates having 
the conductive elements 44, 54 of the same pat- 
terns are available, an LC element can be prepared 
by bonding the insulating plates 32 by changing 
their directions. This enables use of common parts 
and cost reduction. 

With the example shown in FIG. 10, either the 
first conductive elements 44 or the second conduc- 
tive elements 54 are coated on the surface of one 
insulating plate 32. However, it is possible to coat 
both the first and second conductive elements 44, 
54 on the same insulating plates 32, as illustrated 
in FIG. 11. 

In such a case, the insulating plates 32-1 , 32-2. 
... 32-5 can be bonded so as to compose a lami- 
nate 30 as illustrated in FIG. 12. Thus, the second 
conductive element 54-1, for example, faces the 
first conductive elements 44-1, 44-3 via the insulat- 
ing plates 32-2 and 32-3, thereby causing a capaci- 
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tance to be produced between the conductive ele- 
ments. 

The above arrangement obviates the insulating 
sheets as in the arrangement shown In FIG. 10. In 
addition, use of the laminate 30 having the conduc- 
tive elements 44. 54 of the same pattern enables 
the LC elements to be made from common parts 
and allows the cost reduction. 

The conductive pattems of this invention are 
not limited to the examples shown in FIGS. 1, 10 
and 11. For instance, when it is necessary to 
increase the inductance and capacitance of the first 
and second conductors 40. 50 in the laminate 30. 
the first conductive elements 44 are coated on the 
front surfaces of the insulating plates 32-1, 32-2, 
32-3, 32-4, and are electricall/ connected between 
the insulating plates via through holes (not shown). 

The second conductive elements 54 (not 
shown) are coated on the rear sides of the insulat- 
ing plates 32-1, 32-2, 32-3. 32-4 so as to face the 
first conductive elements 44. Then, the second 
conductive elements 54 are mutually and elec- 
trically connected between the insulating plates via 
the through holes (not shown). 

The numt)er of coil turns of the first and sec- 
ond conductors 40. 50 in the laminate 30 is in- 
creased, so tiiat a laminated LC element having a 
large inductance L and capacitance C can be 
fonmed. 

The first and second conductors 40, 50 are 
formed in desired pattem$. The patterns of RG. 13 
can be replaced witii those shown in RGS. 14 and 
15. 

In the examples of FIGS. 13 to 15, tiie respec- 
tive conductive elements are mutually connected 
according to the reference numerals given at tiieir 
ends. 

In the foregoing embodiment, the insulating 
plates are of ceramics, which are made by burning 
green sheets. Rrstly green sheets which are made 
of dielectric materials, sintering accelerators, bind- 
ers and so forth and are very flexible, are prepared. 
Two kinds of green sheets are prepared for the 
insulating plates 32 and tor the insulating sheets 
34. The conductive pattern as shown in RG. 1, for 
example, is printed on the green sheets. Then the 
through holes are made on the green sheets at the 
desired positions. The green sheets are then piled 
according to the order shown in FIG. 1. A plurality 
of green sheets without printed Internal electrodes 
are piled on the outermost sides of the above- 
mentioned green sheets so as to assure Insulation 
and reinforcement The piled green sheets are in- 
tegrally molded under the constant temperature, 
humidity and pressure. When tine green sheets 
become monolithic, they are cut Into pieces as raw 
chips. These raw chips are burnt at the predeter- 
mined temperature. The surfaces of the burnt chips 



where terminals are exposed are applied conduc- 
tive patterns as shown in FIG. 2, and ar© then burnt 
at a high temperature. Thus the laminated LC ele- 
ment according to the invention can be manufac- 
5 tured by the method for manufacturing laminated 
ceramics chip condensers. 

Second embodiment 

10 A second prefen-ed embodiment of tiiis inven- 

tion will be described hereinafter. 

With tiie first embodiment tiie insulating plates 
are used as insulating layers, while this embodi- 
ment employs insulating thin or ihldk films as tfie 

75 insulating layers. 

The laminated LC elements can be manufac- 
tured according to film maldng methods as shown 
in RGS. 1B(a)to 16(m). 

As shown in RG. ie(a). an auxiliary terminal 

20 portion 42a* is coated on the rear surface to tiie 
side surface of an insulating substrate 100. A sub- 
stantially L-shaped first conductive element 44-1 
which extends from the terminal portion 42a* is 
coated on the surface of the substrate 100. 

25 Next an insulating thin film 200-1 is coated on 

the surface of the substrate 100 so that an end of 
the corKJuctive element 44 is exposed, as shown in 
RG. 16(b). 

The first conductive element 44-2 eleGtrically 
30 connected to the first conductive element 44-1 is 

(c). At tiie same time, the auxiliary terminal 52a* is 
coated on the rear surface to the side surface of 
the substrate 100. A substantially U-shaped second 

3S conductive element 54-1 whose one end extends 
from the terminal portion 52a' is coated on tiie 
insulating thin film 200-1, so tiiat the second con- 
ductive element 54-1 faces the first conductive 
element 44-1 via the insulatingtiiin film 200-1. 

40 An insulating thin film 200-2 is coated on ttie 

first and second conductive elements 44-2, 54-1 
with ends of these elements exposed, as shown in 
RG. 16(d). Then the first and second conductive 
elements 44-3, 54-2 are coated on the insulating 

45 thin film 200-2 so that tiie conductive elements 54- 
1 and 44-2 face each otiier via the insulating thin 
film 200-2. as shown in RG. 16(e). 

The laminate 30 is composed by repeating tiie 
thin film forming process and the element forming 

50 process as illustrated in FIGS. 16(f) to 16(1). 

During the process shown in FIG. 16(i). an 
auxiliary terminal portion 42b* extending fi-om tiie 
first conductive element 44-5 is coated on tiie side 
surface and rear surface of tiie substrate 1 00. 

55 In the final process shown in FIG. 16(m), termi- 

nals 42a, 42b, 52 which are electrically connected, 
to the auxiliary terminal portions 42a', 42b*, 52b* 
are coa:ted on one side of the laminate 30. 
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The second embodiment described above will 
lead to a 3-terminal type LC element, which in- 
cludes a distributed constant type equivalent circuit 
having L and C as Illustrated in FIG. 3. When it is 
applied to a noise filter, the LC element can offer 
an excellent attenuation in a wide band. 

With the second embodiment the terminal 52a 
Is disposed only on one side of the second con- 
ductor 2 so as to serve as a grounding terminal. 
This invention Is not limited to such configuration, 
but temninals may be disposed at both ends of the 
second conductor 50 so as to form a 4-terminal 
type LC element In this case, the terminals of the 
first and second conductors 40, 50 are used as 
input/output terminals so that the LC element is 
applicable as a common mode type LC noise filter 
having a distributed constant type capacitance be- 
tween the conductors. 

The patterns of the first and second conductors 
and those of the insulating thin films 200 can be 
modified as shown in FIGS. 17. FIGS. 17(a) to 17- 
(m) sequentially illustrate the process for manufac- 
turing the LC element. 

The laminated LC element of this embodiment 
can be easily produced by using various thin film 
manufacturing methods such as vacuum evapora- 
tion, sputtering, ion-plating, and vapor phase pro- 
ducing. 

For instance, when producing the LC element 
by the sputtering method, a plurality of vacuum 
chambers which are separated by gates are pre- 
pared, and are filled with argon gas. In the respec- 
tive chambers are disposed targets which are 
made of materials for the insulating thin film 200. 
and conductive elements 44, 54. In the chambers, 
the targets are disposed so as to f^ce the substrate 
100 with specific mask pattems Interposed. 

A negative voltage is applied to the targets via 
a negative electrode. The substrate 100 Is con- 
nected to a grounding electrode. When a high 
frequency voltage is applied between tiie negative 
electrode and the grounding electrode, the targets 
are shocked by positively ionized gas and emit 
atoms or molecules, which are sputtered onto the 
substrate 100 and stick on it in the shape of a thin 
film according to the mask patterns. 

The vacuum chambers are prepared to make 
the insulating thin films 200 on the substrate 100. 
and further chambers are prepared to produce the 
conductive elements 44, 54. The LC element ac- 
cording to the second embodiment can be easily 
produced by repeating the thin film making pro- 
cess and the element making process. 

The laminated LC element of the second em- 
bodiment is compact in size and light in weight 
compared with that of the first embodiment. 

Third embodiment 



RGS. 18(a) to 18(q) and RG, 19 show a tftird 
preferred embodiment of the invention. 

The third embodiment features that the first 
and second conductors 40. 50 are interposed as 
6 thin films between the insulating thin films 200 
similarly to those in the foregoing first and second 
embodiments, and tiiat third conductors 60 are 
coated so as to face ttie second conductors 50 via 
the insulating tiiin films 200. 
10 As shown in FIG. 1 9. the first and third conduc- 
tors 40, 60 function as colls having the predeter- 
mined inductances LI and L3. In addition, the 
capacitance C1 is produced as the distributed con- 
stant between the first and second conductors 40, 
75 50, and the capacitance 03 is produced similariy 
between the second and third conductors 50. 60. 

The terminal 52a of the second conductor 50 is 
grounded, and the terminals 42a, 42b. 62a, 62b of 
the first and third conductors 40, 60 are used as 
20 input/output terminals, so tinat the LC element is 
applicable as a common mode LC noise filter. 

FIG. 18(a) to 18(q) sequentially show the pro- 
cess for making the common mode LC noise fitter, 
as an example. 
25 As shown In RG. 18(a), the auxiliary terminal 

portions 42a', 62a' are coated on the rear to side 
surfaces of the substrate 100, and the first and 
third conductive elements 44-1 and 64-1 are coat- 
ed on the front surface of the substrate. 
30 Then the Insulating thin film 200-1 is coated on 

the substrate in such a manner that ends of the 
first and second conductive elements 44*1, 64-1 
are exposed, as shown in FIG. 18(b). 

As can be seen - in FIG.~18(c), the auxiliary 

35 terminal portion 52a' Is coated on the rear to side 
surfaces of the substrate 100. In addition, the sec- 
ond conductive element 54-1 is coated on the 
substrate 100 so as to extend from the auxiliary 
terminal portion 52a'. The second conductive ele- 
40 ment 54-1 faces the first conductive element 44-1 
via the Insulating thin film 200-1 . 

The insulating thin film 200-2 is coated on the 
substrate 100 so as to expose the ends of the 
conductive elements 44-1, 54-1, 64-1 as shown in 
45 RG. 18(d). Then the first, second and third conduc- 
tive elements 44-2, 54-2, 64-2 are coated on the 
Insulating thin film 200-2 as illustrated in FIG. 18- 
(e). In this case, the second conductive element 
54-2 is coated to face the first conductive element 
50 44-1 via the insulating thin films 200-1 , 200-2, while 
the third conductive element 64-2 is coated to face 
the second conductive element 54-1 via the insulat- 
ing tiiin film 200-2. 

As illustrated in FIG. 18(f), an insulating tiiin 
65 film 200-3 is coated so that the ends of the con- 
ductiveelements 44-2, 54-2, 64-2 are exposed. 
Then the conductive elements 44-3, 54-3, 64-3 are 
coated on the insulating thin film 200-3. In this 
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case, the first, second and third conductive ele- 
ments 44-3, 54-3 and 64-3 are coated so as to face 
the third, first and second conductive elements 64- 
2, 44-2 and 54-2. respectively, via the insulating 
thin film 200-3. 

An insulating thin film 200-4 Is coated on the 
substrate 100 so that the ends of the conductive 
elements 44-3, 54-3, 64-3 are exposed, as shown 
in FIG. 18(f). 

The foregoing thin film making process and the 
element maldng process are repeated as shown in 
RGS- 18(c) to 18(0). In the final process, an in- 
sulating thin film 200-8 is coated entirely on the 
conductive elements 64 as Illustrated In FIG. 18(p). 

In the processes shown in FIGS. 18(k) and 18- 
{o)» auxiliary terminal portions 42b\ 62b' connected 
to the ends of the conductive elements 44-7, 64-7 
are coated on the side to rear surfaces of the 
substrate 100. 

In the process shown in RG. 18(p), conductive 
caps are attached to the portions of the substrate 
100 where the auxiliary terminal portions 42a', 42b\ 
52a'. 52b\ 62a', 62b. Thus the temninals 42a, 42b 
for the first conductor 40, tiie temilnal 52a for the 
second conductor, and the terminals 62a, 62b for 
the third conductor are formed as shown in RG. 
18{q). The conductive caps may be replaced with 
conductive patterns prepared by the plating, 
printing/buming or other methods. In addition, 
these pattems may be used together with the con- 
ductive caps. 

As can be seen in FIG. 19. the terminal 52a of 
the second conductor 50 is grounded, and the 
temninals 42a, 42b. 62a, 62b of the first and tiiird 
conductors 40. 40 are used as the input/output 
terminals, so tiiat the LC element of the third 
embodiment is applicable as a common mode type 
LC filter in which the capacitance C of the distrib- 
uted constant type is produced between the con- 
ductors 40, 50. 

The patterns of the insulating thin films 200 
and those of the conductive elements 44, 54 may 
be determined as desired. 

The foregoing descnption exemplifies the LC 
filter, shown in RG. 19, which is composed by the 
thin film making method. This invention rs not limit- 
ed to the embodiment described above. As with 
the first embodiment, the LC element can include 
the insulating plates 30 Instead of the Insulating 
thin films 200. 

The 5-termlnal type LC element of FIG. 19 Is 
described as an example. When it is desired to 
obtain a large current capacity, the first and third 
conductors 40, 60 may be connected in parallel. In 
addition, it is also possible to connect the conduc- 
tors 40. 60 In series so as to obtain an LC element 
having a large inductance compared with a capaci- 
tance. 



Fourth embodiment 

In the foregoing embodiments, the conductive 
elements 44. 54, 64 of the first, second and third 
5 conductors 40. 50. 60 are disposed in the shape of 
coils having the same diameter. However this In- 
vention is not limited this, but the diameter of tiie 
coils may be changed as desired. 

RGS. 20(a) to 20(q) illustrate an example of the 
10 LC element which has different coil diameters. In 
this example, ttie first and second conductors 40, 
50 are disposed between the insulating thin films 
200-1 . 200-2, 200-3, ... 200-6 so that tiiese conduc- 
tors face one another via the insulating thin films 

75 200, tfiereby fonming a 3-tenminal normal mode 
type LC filter. 

The first and second conductors 40, 50 extend 
around the insulating layers with their conductive 
elements 44, 54 disposed In the shape of coils 

20 whose diameters are gradually reduced. 

-The LC element made as described above can 
have resonance characteristics which differ from 
those of the LC elements in the first to third em- 
bodiments. In addition, the attenuation pattems of 

25 this LC element somewhat differ from tiiose tiie 
foregoing embodiments. 

On the contrary, when the first and second 
conductors 40, 50 are disposed in the shape of 
coils whose diameters are gradually increased, the 

30 inductances L of the conductors will be gradually 
increased, thereby enabling the LC elem.^t to be 
applicable as a noise filter which can eliminate 
noises while controlling the ringing efRcientiy. 

In the fourth embodiment, the LC element 

36 comprises the first and second conductors 40, 50, 
and the insulating plates 200 which are made by 
the thin film making method. This embodiment Is 
applicable to an LC element which includes the 
insulating plates 32 of ttie first embodiment in 

40 place of the insulating thin films 200. 

The fourth embodiment of the invention is also 
appficable to an LC element which includes the 
first to third conductors 40, 50. 60 in place of the 
first and second conductors 40, 50. 

45 In addition, tiie coil diameters of the first and 

second conductors 40, 50 are changed so as to 
vary the resonance point of the LC element The 
foregoing embodiment is not limited to such con- 
figuration. It Is also possible to vary the resonance 

50 polrit by changing the width (area) where the first 
and second conductive elements 44, 54 face one 
another. 

Rfth embodiment 

55 

FIGS. 24 show a fifth preferred embodiment of 
this invention. The members corresponding to 
tiiose In tiie foregoing embodiments will be as- 



NSOOCID: <EP .0435230A2_L> 



15 



EP 0 435 230 A2 



16 



signed the same reference numerals and will not 
be described in detail. 

As can be seen in FIG. 24(a), an LC element of 
this embodiment is composed as a normal mode 
type LC noise filter. 

This embodiment features that the second con- 
ductor serving as a capacitor conductor is divided 
Into a plurality of portions so as form sectional 
grounding conductors 50-1. 50-2, 50-3, one end 
each of which Is connected to the grounding termi- 
nal 52a. 

The LC noise fitter fbnmed thus allows the 
capacitance, which is produced as a distributed 
constant between the first and second conductors 
40, 50, to be used as the capacitance of the LC 
filter without any adjustment, since the inductance 
L of the sectional grounding tenninals 50-1, 50-2, 
50-3 Is small. 

The present inventor(s) has further studied the 
invention, and has found that the position, where 
the grounding terminals 50-1, 50-2, 50-3 face the 
first conductor 50 serving as an Inductor, greatly 
affects the attenuation characteristics of the noise 
filter. The inventor(s) has confirmed that when the 
sectional grounding tenninals 50-1, 50-2, 50-3 are 
disposed at a position near the input^output termi- 
nals of the first conductor 40, the LC element in an 
electric circuit can assure an excellent attenuation. 

The inventor has further examined where the 
sectional grounding terminals 50-1, 50-2, 50-3 
should be grounded. It has been confirmed that the 
sectional grounding terminal 50-1 disposed near 
the input/butput terminal 42a in the electric circuit 
should be preferably -grounded near the terminal - 
42a. and that the other sectional grounding temni- 
nals 50-2. 50-3 should be preferably grounded near 
the input^output terminal 46b in the electric circuit 

The LC noise filter of this embodiment can 
function as a normal mode type filter with a good 
attenuation. 

As shown in FIG. 24(b), when an LC element 
comprises the first and third conductors 40, 60 " 
serving as Inductance conductors and the second 
conductor 50 functioning as a capacitance conduc- 
tor, the LC element can function as a filter having 
an excellent attenuation when the second conduc- 
tor 50 is divided into sections so as to be sepa- 
rately grounded. 

Other embodiments: 

The invention Is not limited to the foregoing 
embodiments but can be modified in a variety of 
ways within its scope. 

For example, in the foregoing embodiments, 
the first second and third conductors 40, 50, 60 
are coated on the insulating plates 30, substrates 
100 or insulating thin films 200. These conductors 



40, 50. 60 may be punched In the shape of the 
first, second and third conductive elements 44. 54, 
64, and then be disposed and attached on the 
bumt insulating plates 30, substrates 100, and in- 
5 sulating thin films 200. 

The following describe the process to laminate 
copper plates, which are punched so as to form 
conductive elements on insulating plates 30 made 
of barium titanate (BaTiOa). 
10 Rrstly, square thin films of barium titanate are 

positioned in an air atmosphere and are bumt for 
two hours at a temperature of 1250|C to 1350|C, 
thereby producing insulating plates 30. 

The insulating plates 30, and copper plates 
75 punched into the predetermined conductive pat- 
terns are trended as shown in FIG. 10. The bonded 
plates are then pressed from their both sides with 
the predetermined pressure. Then the bonded 
plates are placed in the predetermined neutral at- 
20 mosphere (reduced atmosphere) are burned at a 
temperature which is below the melting point tem- 
perature of the copper and 1 1 0OjC or less. 

The neutral atmosphere is preferably an at- 
mosphere in which the nitrogen is doped with 2 to 
25 100 ppm oxygen. The temperature is set at 1100|C 
or less since when it is burned at 1100|C or more, 
barium titanate Is changed into a semi-conductor 
because of reaction. Therefore the bonded plates 
are burnt at the temperature of 950|C to 1000(C for 
30 the specified period of time. 

In this case, a compound having a low melting 
point such as pyrochlore is prpduced between the 
insulating plates 30 made of barium titanate and 

the copper plates, so that these -plates can be 

35 finmly bonded. 

The more oxygen is doped In the neutral at- 
mosphere, the more the above reaction Is acceler- 
ated, l-lowever when too much oxygen is doped, 
the surface of the copper plates to function as a 
40 terminal is also oxidized, causing poor soldering. 
Therefore, LC elements which are bumt in the 
neutral atmosphere having much doped oxygen 
should be preferably burnt again in the predeter- 
mined reduced atmosphere. 
45 The foregoing process enables the production 
of an excellent laminated LC element which in- 
cludes the insulating plates 30 made of barium 
titanate, and the copper plates punched so as to 
function as the conductiveelements 44, 54, 64. 
50 It is conceivable to replace barium titanate with 

themnoplastics- However, the thermoplastics are 
susceptible to aging and seems less endurable. 

in the foregoing embodiment, the insulating 
tiiin films 200 are made by the thin film making 
55 metfiod. This invention is not limited to such In- 
sulating films. The insulating plates may be made 
by using insulating sheets which are manufactured 
by other methods. 
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In the foregoing description, when it is neces- 
sary to increase the inductance of the first, second 
and third conductors 40, 50. 60, the number of the 
insulating layers (such as the insulating plates 30 
and insulating thin films 200) to be bonded is 
Increased, thereby making the conductors 40, 50. 
60 have more turns. The patterns of RGS. 14 and 
15 are adopted for the above purpose. In addition, 
the conductive elements 44, 54. 64 may be made 
of a conductive magnetic material such as Fe, or 
the surfaces of these conductive elements may be 
stuck magnetic materials, or may be applied with 
powdery magnetic materials, tiiereby increasing 
tiie inductance L 

In addition to the foregoing examples, a 
tiirough hole 70 is formed at the center of the 
laminate 30 so as to Insert a magnetic core, and 
the surface of the laminate 30 is sprayed with 
powdery magnetic materials, or the laminate 30 is 
disposed In a magnetic container so that eitiier an 
open path or a closed path may be formed around 
tiie laminate 30 via the through hole 70, as shown 
in FIGS. 7 and 8, 

If necessary, tt is possible to change the 
lengths of the first, second and third conductors 4. 
50, 60. For example, tfie first conductor 40 is made 
longer than the second conductor 50 so as to malce 
the inductance L large enough. 

When it is required to increase the capacitance 
produced as tiie distributed constant between the 
first, second and third conductors 40. 50. 60, the 
conductive elements 44, 54, 64 are widened so as 
to increase the area where these conductors face 
their counterparts. 

The capacitance is also increased by compos- 
ing tiie insulating layers such as the insulating 
plates 32 and tiie insulating thin films 200 with 
materials having large dielectric constants, and by 
Increasing the number of the insulating layers to be 
bonded. 

In addition, the capacitance can be Increased 
by thinning the Insulating layers, or by making the 
conductors porous by means of the electrolyte 
capacitor system. 

When tiie LC element according to the inven- 
tion is used as a normal mode type filter by 
grounding the second conductor 50. the conductive 
elements 54 of the second conductor 50 are made 
wider tiian the conductive elements 44, 64 of the 
first and third conductors 40. 60, so tiiat tiie con- 
ductive elements of the second conductor 50 func- 
tion as a shielding member for the conductive 
elements 44, 64 so as to effectively prevent leaking 
of magnetic fluxes and short^ircuit between the 
layers. 

The Insulating layers such as the insulating 
plates 32 and Insulating thin films 200 are de- 
scribed to be made of ceramics or plastics. If 



necessary, these insulating members may be 
made of electronic wave absorbing/heating ele- 
ments so as to improve the effidency of the noise 
filter in a high frequency band. 
6 The laminated LC element according to this 

invention is applicable not only to the noise filters 
but also is applicable to various filters, or varistors. 

In addition, the Insulating memtsers made of 
the electronic wave absoriDlng/heating elements 
10 can improve the efficiency of the LC element in a 
high frequency band. 

In the foregoing embodiments, the respective 
conductors face one another via the Insulating lay- 
ers. If the capacitance as tiie distributed constant 
75 can be produced between the conductors as de- 
sired, the positions of these conductors may be 
dislocated. 

Although the thin film making method is em- 
ployed in the foregoing embodiments, the LC ele- 

20 ment can also be made by the thick film making 
method, if necessary. 

According to tiie invention, a plurality of the 
insulating layers are bonded so as to compose the 
laminate. The first conductors are disposed so as 

25 to extend from an insulating layer to another in- 
sulating layer and serve as a coil having the pre- 
determined number of turns. The first conductors 
face the second conductors via the insulating lay- 
ers so that they can produce a sufficiently large 

30 capacitance between them. A compact, excellent 
and inexpensive laminated LC element c^n be ob- 
tained in this manner. 

Particulariy. according to the Invention, it is 
assumed that electrostatic capacity as the distrib- 

35 uted constant can be produced between the first 
and second conductors via the insulating layers, 
which enables the LC element to be applicable as 
an LC noise filter which can firmly attenuate and 
eliminate various noises compared with the con- 

40 ventional concentrated constant type noise filtere. 

When both of the first and second conductors 
are used as conductive members, the LC element 
is applicableas the common mode noise filter. Fur- 
ther when the second conductor is grounded, the 

45 LC element can be used as the normal mode noise 
filter. 

When a third conductor is used, the second 
conductor Is grounded and both the first and sec- 
ond conductors are used as the conductive mem- 

50 bers, the LC element is applicable as a common 
mode noise filter of a different type. 

According to the invention, a plurality of the 
insulating layers and conductors which are made 
by the thin film making method are coated on the 

55 substrate. Therefore, If the Invention Is applied to- 
gether with the semiconductor manufacturing meth- 
od, both ICS and LC elements can be formed on a 
wa^. This enables ttie laminated LC element of 
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the invention as an LC fiiter to be incorporated in 
various ICs, so that the ICs including the LC filter 
can be produced. 

Claime s 

1. A laminated LC element comprising: 

(a) a laminate including a plurality of bon- 
ded Insulating layers; 

(b) a first conductor including conductive io 
elements which continuously extend around 

sard insulating layers so as to form a coil 
having a predetermined number of turns; 
and 

(c) a second conductor including second 75 
conductive elements which extend around 

said insulating layers, said second conduc- 
tor facing said first conductor via said in- 
sulating layers to provide a capacitance be- 
tween said first and second conductors. 20 

2. A laminated LC element according to claim 1, 
wherein said second conductor is a capacitor 
conductor having a grounding terminal, said 

first conductor is an inductor conductor having 2s 
input/output terminals at its both ends, so tiiat 
the LC element is used as a normal mode type 
LC noise filter. 

3. A laminated LC element according to claim 1, 30 
wherein said first and second conductors have 
input/output terminals at their both ends so as 

to make the LC element function as a common 

mode LC noise filter. — - - - 

35 

4. A laminated LC element according to claim 1 
further comprising a third conductor which in- 
cludes third conductive elements extending ar- 
ound said Insulating layers, facing said second 
conductive elements via said insulating layers, 40 
and producing a capacitance with said second 
conductor; said second conductor functions as 

a capacitor conductor including a grounding 
terminal, and said first and third conductors 
function as an inductor conductor including at 45 
their ends input/output terminals. 

5. A laminated LC element according to any one 
of claims 1 to 4. wherein said laminate com- 
prises a plurality of bonded insulating plates as 50 
the insulating layers. 

6. A laminated LC element according to claim 5, 
wherein said insulating plates have on i>oth 
sides first and second conductive elements 65 
facing each other and are bonded with insulat- 
ing sheets interposed. 



7. A laminated LC element according to any one 
of claims 1 to 4. wherein said laminate com- 
prises first insulating plates having on the sur- 
faces first conductive elements and second 
insulating plates having on the surfaces sec- 
ond conductive elements, which first and sec- 
ond insulating plates being alternately bonded 
so that said first conductive elements and said 
second conductive elements face one another. 

8. A laminated LC element according to any one 
of claims 1 to 7, wherein said first and second 
conductiveelements disposed on one of said 
insulating layers are electrically connected to 
first and second conductive elements disposed 
on another Insulating layer via through holes 
disposed on conductive caps, conductive plat- 
ed layers or insulating layers. 

9. A laminated LC element according to any one 
of claims 4 to 7, wherein said first, second and 
third conductive elements disposed on one of 
said insulating layers are electrically connected 
to first, second and third conductive elements 
disposed on another insulating layer via 
through holes disposed on conductive caps, 
conductive plated layers or insulating layers. 

10. A laminated LC element according to any one 
of claims 1 to 4, wherein said laminate com- 
prises insulating films which are bonded with 
ends of said conductive elements exposed, 
said first and second conductive elements be- 

ing connected via said exposed - ends to-flrst 

and second conductive elements disposed on 
said Insulating layers. 

11. A laminated LC element according to claim 1 
further comprising a third conductor which in- 
cludes third conductive elements extending ar- 
ound said insulating layers, facing said second 
conductive element via said insulating layers 
and producing a capacitance with said second 
conductor, whereby said LC element is used 
as a common mode LC noise filter in which: 

(a) said leiminate comprises insulating films 
as the insulating layers and includes ex- 
posed Inter-layer element portions; 

(b) said first, second and third conductive 
elements are connected to first, second and 
third conductive elements on a next insulat- 
ing layer via said exposed ends; 

(c) said second conductor serves as a ca- 
pacitor conductor Including a grounding ter- 
minal; and 

(d) said first and third conductors are induc- 
tor conductors having at both ends 
Input/bu^ut terminals. 
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12. A laminated LC element according to any one 
of clainDS 1 to 11, wherein surfaces of said 
insulating layers are finely roughened, and said 
first and second conductors are coated on said 
roughened surface. 

13. A laminated LC element according to any one 
of claims 1 to 12, wherein said second conduc- 
tor is sectionally grounded. 



70 



14^ A laminated LC element according to any one 
of claims 1 to 13, wherein said first conductor 
extends around insulating layers with a coil 
diameter changing from one insulating layer to 
another insulating layer. 75 

15. An electronics device comprising laminated LC 
elements according to any one of claims 1 to 
14. 

/ 20 

16. A method for manufacturing a laminated LC 
element which method comprising: 

(a) a bonding process in which a plurality of 
insulating film layers are bonded on a sub- 
strate; 25 

(b) an element forming process in which 
each time insulating film layers are lami- 
nated, either a first conductive element or a 
second conductive element disposed be- 
tween said insulating layers is coated on 30 
one insi.iiatfnQ layer to another insulating 
layer so as to compose a first conductor 
having the specified number of tums and a 
second conductor having the specified num- 
ber of tums; and 35 

(c) alternately repeating said processes so 
as to cause said first and second conduc- 
tive elements to face each other via insulat- 
ing layers in said element fonning process. 

40 
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0 Laminated LC element and method for manufacturing the same. 
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0 A laminated LC element comprises a laminate 
including a plurality of bonded insulating layers (32- 
-1r 32-2 -».).-a first conductor (40) including conduc- 
tive elements (44-1, 44-2 .,.) which continuously ex- 
tend around the insulating layers so as to form a coil 
having a predetermined number of turns; and a 
second conductor (50) including second conductive 
elements (54-1, 54-2 ...) which extend around the 
insulating layers, facing the first conductor via said 
insulating layers, and producing a capacitance with 
the first conductor. The LC element can eliminate 
firmly noises from external sources. 
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